**Abstract**

Apathy is defined as the quantitative reduction of voluntary, goal-directed behaviors. It often coincides with lesions or dysfunction of the cortico-striatal system. However, the underlying neural substrate of apathy is largely unknown. Based on the coincidence of apathy with bilateral striatal lesions or the pre-diagnosis phase of Huntington's disease in which striatal dopamine receptor type 2-expressing medium spiny neurons (D2-MSNs) are particularly degenerated, we hypothesized that bilateral loss-of-function of D2-MSNs cause apathy.

To address this question, we combined time-controllable diphtheria toxin-mediated D2-MSN-specific loss-of-function with food-reinforced instrumental tasks in mice.

Loss-of-function always started in the ventrolateral striatum (VLS) and expanded concentrically day-by-day, enabling our search for the responsible region underlying apathy appearance according to behavioral onset. We found that a loss-of-function of only 17% of a specific cell type (D2-MSN) within a restricted region (VLS) was sufficient to trigger apathy. Termination of diphtheria toxin expression induced a restriction of cell ablation within the VLS, producing a chronic apathy model. We further demonstrated that acute optogenetic inhibition of VLS D2-MSNs resulted in a transient decrease in the instrumental motivation, strengthening the evidence that VLS D2-MSNs mediate apathy.

Taken together, our data demonstrate a key role of VLS D2-MSNs in apathy pathogenesis.
